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ADVERTISEMENT. 
HE great . Encouragement Mr. WRICHT 
has had for above ſeventeen Years paſt, in 
making large ORRERYS, with the Motions of 
all the PLANE TS and SarfII ITI and the true 
Motion of Saturn's Ring, has made him ſo ready 
and perfect, that Gelen may depend on 
having them made reaſonable and — 4 not li- 
able to be out of Order: . 
As may be ſeen by one he made for Mr. Wattss 
Academy in Tower-Street. 
Another for His MaJjzsTrv at Kenfington. 
Another for the New Royal Academy at Portſ- 
mouth, 
Another for his Grace the Duke of Argyle, 
(late Lord Ila.) 
And ſeveral other large ones for Noblemen 


and Gentlemen. 


He has alſo great.Choice of Mathematical In- 
ſtruments ready made; as Caſes in Silver, Braſs 
or Ivory, Surveying Inſtruments, Sun-Dials, 
Weather-Glaſſes, e de of dif- 
ferent Lengths, & 


o 


but likewiſe Per Conſt 


RD OMETHING conn the De- 
1 ſeriptien and Uſe of the Sector and 
Plain- Scale 1 5 this time v 
* rug nag ; * edt. 
very acceptable, therefore compiled { 
ſmall Ti 72206 of them ; in which is briefly con- 
tained, their Deſcription, Nature, and General * 


In the firſt Chapter is contained, nat only the 

Deſcription of the Lines K the Plain-Scale, 
ion and Nature are 
5 5 ſhewn : 4s alſo @ ſoort Account of their 

2. 

15 the ſecond Chapter is contained, the De- 
ſeription of the Sector, and the Lines now com- 
monly placed thereon. 

In 5 third Chapter is ſhewn, the Ground 
and General Uſe of the Sector. From this * 
ter it appears, that the Sector ſerves as a e 
10 all Radius's, not greater than its Length, when 


A 2 quite 


The PRE FACE. 


ite 4; or leſſer than the Diſtances FRY go 
2 Tf the A be. and 60 of Chords, or 45 
+ 5 of Tangents, when the Sector is quite ſhut : 
And ſo by this Inſtrument the Sphere may regdily 
be projetied, upon the Plan 3 Circle. whoſe 
Radius not exceeds the * Limit. 
Whence the Excellency of this Inſtrument above 
the Plain-Scale manifeſtly appears; for that is a 
Scale but to one Radius; and therefore by it, it is 
not eaſy to projet? the Sphere, unleſs upon a Circle 
«whoſe Radius is of a given Length. 

In the fourth Chapter, you have the chief 
particular Uſes of the Lines of. Lines, and the 
Lines of Polygons. * 

In the fifth Chapter, is ſhewn tbe Manner of 
working Proportions with Lines and Sines, Sines 
and Tangents, Lines and Tangents, &c. As alſo 
the excellent Uſe of the Sector in drawing the 
Hour Lines upon an horizontal and erect South 
'Plan. | 

Laſtiy. In the fixth C hapter 7s cdutained, the 
Uſe of the Lines of Numbers, artificial Sines and 
Tangents. What tis ſaid in this Chapter, I am of 
opinion, is ſuffici ent to ſhew Perſons, indifferently 
killed in Arithmetick and Geometry, the Manner 


of uſing thoſe Lines. 


Tus, courteous Reader, Bave 1 given OY the 
"Contents of what is to be read i in the following lit- 
tle Traft, boping you will candidly receive the 
fame. And fo * remain our 's, &c. ha 
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General Uſe 


Sector and Plain Scale, Sc. 
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Concerning Definitions of Chords, Sines, Tan- 
gents, &c. and the Manner of Prejecting them, 
and putting them on Rulers, commonly called 
Plain-Scales, © | | | 


= ECAUSE of the ſix Parts of a Tri- 
angle, viz, the three Sides and 
the three Angles, any three of 
them being given, independent of 
one another, the other three are 
thereby limited, and conſequently ſome way or 
other to be found, And ſince the Angles of a 
Triangle, that is, the Arcs of equal _ — 
ri 


(2) 


| ſcribed about the angular Points, and compre: 


hended between the Sides (which are propor- 


tional to the Angles, from Prop. FED "lib. 2. Eu- 
es, 


elid) are not proportional to its e An- 
cients deviſed certain right Lines, appertaining 
to a Circle, which come in competition with 
Angles or Arcs, Theſe right Lines are thus de- 
fined : | 
A Chord of an Arc or Angle is a right Line 
drawn from one End of an Arc to the 
Ng. 1. other; as the Line AB is the Chord of 
the Arc AB: it is alſo the Chord of the 


Arc AFB, becauſe it is common to both Arcs of 


the Circle. Fr | 
Whencs it is manifeſt, (per Prop. 15.. lib. 3. 
Euclid) that the greateſt Chord that can 


drawn in a Circle is its Diameter, or the Chord 


of 180 Degrees, or a Semicircle : Whence all 
Chords of Arcs, greater than a Semicircle, are 
lefler than the Diameter. | 2538 
A right Sine of an Arc is a right Line draw 
from one End of that Arc, dicular to a 
Diameter drawn ta the other End of it, and be- 
longs to both Arcs of a Semicircle; as BC is the 
right Sine of the Arc AB, and alſo of the Arc 


FB, Hence it is manifeſt, from the aforecited 


Propofition of Euclid, that the greateſt Sine is 
equal to the Semidiameter GE, or the Sine of 
go Degrees: Therefore all Sines of Arcs greater 


| than 90 Degrees, or a Quadrant, are leſſer than 


the Semidiameter, or Radius, 

- , The verſed Sine of an Arc is that Portion of 
the Diameter included between the right Sine of 
the ſaid Arc, and the Arc itſelf, As AC NS 


(3) 

verſed Sine of the Arc AB, and FC the verſed 
Sine of the Arc FGB z hence the greateſt verſed 
Sine is the Diameter AF, viz. the verſed Sine 
of 180 Degrees, or a Semicircle. | 

A Tangent of an Arc is a right Line touching 
the Circumference of a Circle, and {from Prop. 
16, lib. 3. Euclid) is at right Angles to the 
Diameter drawn through the Point of Contact, 
and limited by the Secant of the ſame Arc; as 
AD is the Tangent of the Arc AB ; whence there 


can be no Tangent of go Degrees, er a Qua- 
drant, for then the Tangent will be infinitely 


long. 

The Secant of an Arc is a right Line drawn 
from the Center of a Circle, through one End of 
the Arc it is the Secant of, till it meets the 
Tangent, raiſed at right Angles to a Diameter 
drawn to the other End of the Are; as ED 
is the Secant of the Arc AB; whence there 
can be no Secant of 90 Degrees, or a Qua» 

| drant, becauſe then the Secant will be infinitely 


long. 

"The Half, or Semitangent of an Arc, is that 
Portion, next to the Center, of a right Line 
drawn from the Center of the Circle parallel to 
the Tangent of the Arc, cut off by the Chord of 

the Complement of the Arc to 180 Degrees, as 
EH is the half Tangent of the Arc AB. Bur 
becauſe (from Prop. 20, lib. 3. Enclid) the An- 
e BFA is half of the Angle BEA, the Side 
equal to the Side EA, and the Angles EAD, 
FEH right ones, HE will be equal to the Tan- 
gent of half the Arc BA; that is, the Semitan- 
gent of any Arc is but the Tangent of half - 

« 
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Are z whence the greateſt Semitangent, or that 


ot 180 Degrees, is infinite. 
The Circumference of every Circle is ſuppoſed 


to be divided into 360 equal Parts, called De- 


greesz and each Degree into 60 equal Parts, 
called Minutes, Sc. This Number was in 


by Geometricians for the Diviſion of a Circle, 
becauſe it may be divided into a greater Num- 


ber of Parts without any Remainder, than any 


leſſer Number than 360. 


The Complement of an Arc, or Angle, is 


what it wants of a Quadrant, or go Degrees ; or 


of a Semicircle, or 180 Degrees ; or laſtly, of a 


whole Circle, or 360 Degrees, As 20 Degrees 
is the Complement of 70 Degrees to a Quadrant, 
becauſe 20 Degrees is the Remainder of 70 De- 
grees ſubtracted from go Degrees; likewiſe 30 
Degrees is the Complement ef 130 Degrees to 
180 Degrees, and 70 Degrees the Complement of 
290 Degrees, ih Bout” 


How to Prejeſt the Plain-Scale. 


Firſt draw a Circle, ABDC, which 


Fig.2, croſs at right Angles with the Dia- 
11 meters, AD, CB; then continue out 
AD to G, and upon the Point B raiſe BF per- 
pendicular to CB. Now draw the Chord AB, 
and divide the Quadrant AB into 9g equal Parts, 
| ſetting the Figures 10, 20, 30, Sc. to go, to 
them; each of which 9 Parts again ſubdivide 
into 10 equal Parts, and then the Quadrant will 
be divided into go Degrees. Now ſetting one 
Foot of your Compaſſes in the Point A, —_ 

cr 


. - 
fer the ſaid Diviſions to the Chord Line AB, and 
ſet thereto the Figures 10, 20, 30, Cc. and the 
Line of Chords AB- will be divided, and then 
may be put upon your Scale. 

Now to project the Sines, divide the Arc BD 
into 90 Degrees, as before you did AB; from 
every of which Degrees let fall Perpendiculars 
on the Semidiameter EB, which Perpendiculars 
will divide EB into a Line of Sines, to which 
you muſt ſet the Numbers 10, 20, &c. beginning 
from the Center ; and then you may transfer the 
Line of Sines to your Scale, . 54 

Again, to project the Line of Tangents, from 
the Center E, and thro? every Diviſion of the Arc 
BD, draw right Lines cutting BF, which will di- 
vide it into a Line of Tangents, ſetting thereto 
the Numbers 10, 20, 30, Sc. which you muſt 
transfer to your Scale. F 


To project the Line of Secants, transfer the 
Diſtances E 10, E 20, E 30, Cc. that is, the 
Diſtance from E to 10, 20, 30, Cc. on the Tan- 
gent Line, upon the Line EG ; and ſetting there- 
to the Numbers 10, 20, 30, c. the Line EG 
will be divided into a Line of Secants. 

To project the Semitangents, draw Lines from 
the Point C thro? every Degree of the Quadrant 
AB, and they will divide the Semidiameter AE 
into a Line of Semitangents: But becauſe the Se. 
mitangents on Scales run to 160 Degrees, conti- 
nue out the Line AE, and draw Lines from the 
Point C, thro' the Degrees of the Quadrant CA, 
cutting the faid continued Portion of AE, and 
you will have a Line of half Tangents to 160 De- 
Steeg, or farther if 'you pleſmmmmemGd. 
621118154 , B 
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Moreover, 


| will be divided. 


E vide an Inch, ſuppo 


(6) 
„Moreover, to draw the Rhumb Line from 
every gth Part of the Quadrant AC, ſetting one, 
Foot of pour Tomp Compaſſes in A, nde an 2 cut- 


ing the Chord AC, which will divide AC into 2 
Lie of whole nude z and after the ſame man- 


Nhe may the Subdiviſions of half and quarter 


umbs be made. 

. to project the Line of Longitude, draw 
Line HD equal and parallel to the Radius 
z which divi into 60 equal Parts, every 10 | 


of which number. Now from every of thoſe 


Parts let fall Perpendicnlars to CE, cutting the 
Arc CD, and 04 18 drawn the Chord CD with 
ane Fact of your Compaſſes in D, transfer the 
Diſtances _ D to each of the Points in the 
rc. CD, on the Chord CD, and ſet thereto the. 
ambers 10, 20, &c. and the Lineof Longitude. 


| b de the Lines commonly put on one 
Side of Plain-Scale, excepting equal Parts, 
which want no Deſcription : A5 on the other 
Side is a decimal or diagonal Scale, on which an 
Inch, or ſome Part thereof, as 1 half, or 1 fourth, 
is divided into 100 equal Parts, by means of Dis. 
agonals, in the following manner; Sup» l 
Fg. 3. i AB to be the Length of the Scale, 2 
_ which. let be 6 Inches; then having 
3 a convenient Breadth, as BC, make the 
Parallelogram AEBC, and draw, Lines from the 
Diviſion of every Inch, 8 to BC; then di- 
into 10 equal Parts, 
as alſo FC, and pon the Diagonals D, 10, 10, 
20, 20, 30, Sc. Likewiſe divide BC, and AE, 
each into 10 equal * wah chick draw 20 
Fa Parallels, 


| (7) 
Parallels, and ſet the Numbers as per Figure, and 
your Scale will be made. After the ſame Man-- 


ner may one half or one quarter of an Inch be 


decimally divided, 

Now if you have a mind to take any Part of 
an Inch, ſuppoſed to be divided into 100, as the 
48th Part, look for the Divifion 40 on the Line 


DB, and guiding your Eye along its Diagonal, 


mark where the 8th Parallel to BD cuts the 
ſaid Diagonal, and the Diſtance of that Point 
of Section from the Line DF, will be the 48th 
Part of an Inch. Again, to find the tooth Part 
of an Inch, look where the Parallel 1 cuts the 
Diagonal D io, and the Diſtance from that 
Point. to DF. will be the 100th Part of an 
Inch. For from the Similiarity of Triangles 
demonſtrated per 23 : lth, 6. Euclid. as DE 
3 or 10 F, 65 is xs of DF to N of 
B. . - [ i 
Hence it is manifeſt, that by means of this 
Scale, any Line may be drawn whoſe. Length is 


expreſſible in leſs than four Figures, whether 


they be whole Numbers, or mixed, that is, de- 
cimal Fractions and whole Numbers; as, if 
the Length of the Line be 36 5, then you muſt 
call 1 Inch 100, and fo 3 Inches will be 300, 
Then the 65 muſt be taken from DH to the 
Interſection of the 6oth Diagonal with the 
zth Parallel, and the Extent from 3 Inches 
to that Point of Interſection, will give the 
Length of the Line expreſſible by 365, Like- 
wife the ſame Extent may be taken for the 
Length of a Line expreſſible by 365, in ſuppoſe 
ing 1 Inch to be 10. Alſo it may be expreſſed 
B 2 by 


(68) 
by 3.65, in taking 1 Inch for 1. And laſtly, it 
may be expreſſed by . 365, in taking 1 Inch 
for . And this is the Uſe of the Diagonal 
r ; 
As for the Uſes of the Chords, Sines, Tan- 
gents, &c, the Chords are to lay off the Quan- 
tity of any Angle deſired upon a Point given, 
in a right Line. And contrariwiſe, to meaſure 
the Quantity of an Angle already laid down, 
The firſt is done by always taking the Extent of 
60 Degrees of Chords between your Compaſſes, 
and deſcribing an Arc about the angular Poiat ; 
and then laying off the Nuinber of Degrees pro- 
2 upon the ſaid Arc, and drawing a right 
ine from the angular Point. And the latter, 
by always making an Arc of 60 Degrees of 
Chords about the angular Points, and then take- 
ins the Chord of the ſaid Arc between your 
Compaſſes, and meaſuring it on the Line of 
Chords, | 
Example, To make an Angle of 30 
Eg. 4. Degrees on the Point A, take 60 De- 
grees of Chords in your Compaſſes, 
and ſetting one Foot of your Compaſſes in the 
Point A, deſcribe the Arc DC; then take 30 
Degrees from your Chords, and lay them off 
from D to C, and draw the Line AC, and the 
Angle CAB will be 30 Degrees. | 
Now to meaſure an Angle, ſuppoſe CAB, 
take 60 Degrees of Chords between your Com. 
paſſes, and ſetting one Foot in the Point A, 
deſcribe the Arc CD; then take between your 
Compaſſes the Diſtance from C to D, which 
meaſur d on the Chords will be found to reach 


(9) 
to 20 Degrees, the Quantity of the Angle 


ſought. " F 2 x 
The Sines are to orthographically project the 
Sphere, c. | SP of 6 Sv. 


The Tangents, half Tangents, and Secants, 
are uſed in finding the Centers and Poles of pro- 
jected Circles, in the Stereographical Projection 
of the Sphere, &c. | 

The Rhumbs are to lay down the Angles of a 
Ship's Way in Navigation. * 
And the Line of Longitude determines, by 
Inſpection, how many Miles there are in a De- 
gree of Longitude, in each ſeveral Latitude: 
As, in the Latitude of no Degrees, that is, un- 
der the Equator, 60 Miles make a Degree; in 
the Latitude of 40 Degrees, 40 Miles make a 
Degree; in the Latitude of 60 Degrees, 30 
Miles make a Degree; in the Latitude of 80 
Degrees, 10 Miles make a Degree. | 


CH AL 


generally placed thereon, 


THE Sefor is a Mathematical Inſtrument, 
conſiſting of two equal Legs, of Braſs, 
Silver, Ivory, or Wood, - moveable about a Joint, 
like a Carpenter's Rule; ſo that the ſaid Legs, 
together with certain right Lines, drawn from 
the Center of the Joint, contains Angles of dif- 
ferent Magnitudes, The Length of theſe Legs 
are not determined, but yet they are generally 
about 6 Inches, having a proper Breadth and 
Thickneſs. This Inftrument takes its Name 
from a Sector in Geometry, which Euclid defines, 
in the 9th Def. of his 2d Book, to be a Figure 
comprehended-under two right Lines making an 
Angle, and the Arc of a Circle deſcribed about 
the angular Point, intercepted between the two 
ſaid right Lines, 

The right Lines that be commonly drawn on 
the Faces of this Inſtrument, to be uſed Sector- 
wiſe, are ſix, viz, The Lines of Lines, or equal 
Parts, the Lines of Chords, the Lines of Sines, 
the Lines of Tangents, the Lines of Secants, and. 
the Lines of Polygons. 

The Lines of equal Parts are two equal right 
Lines drawn upon the Legs of the Sector, on 
the ſame Side, from the Center of the Joint, 
almoſt to the Ends of the Legs, making unequal 
Angles with the ihward Edges of their reſpec- 
tive Legs; that ſo, the Lines of Sines, and Se- 

K ee 


* 


The Deſcription ub , and the Lines 


ö 
4 


1 | 
a $ 
- 

* 
- 
. l 


(60%, 
cants, which are likewiſe. drawn upon the ſame 
Faces of the Legs from the Center of the Joint, 
may make equal Angles with- each other, and 
likewiſe equal to that which the ſaid Lines of 
Lines make, Theſe Lines of Lines are each di- 
vided into 100 equal Parts, each of which are 
again, ſubdivided into Halves and Quarters, if 
the Length of the Legs are ſufficient, The Divi- 
ſions are number'd, from the Center, with 1, 2, 
3, Cc. to 10, near which are placed the Letters 
ii The three Parallels, that be drawn, to 
each of theſe Lines, are for the Eyes better diſ- 
tinguiſhing the Diviſions, and Subdiviſions, as al» 
ſo are thoſe near the other Lines. 
The Lines of Sines are two equal Lines of na- 
tural Sines, drawn upon the ſame Faces of the 
two Legs of the Sector from the Center of the 
Joint, as the Lines are, of a Radius equal in 
Length to either of the Lines of Lines. Theſe 
are-number*d with the Figures 10, 20, c. to go, 


at the Ends of which ſtand the Letters SS, 


The Lines of Chords, on the other Faces of 


F the fame Legs, are two natural Lines of Chords 


(made as directed in the laſt Chapter) drawn 
from the Center of the Joint upon each Leg, ſo 
as to make an Angle with each other, equal to 
the Angle that the Lines of Sines, Sc. make. 
The Radius of theſe Lines of Chords is equal 
in Length to the Radius of the Lines of Sines. 
They are number'd with 10, 20, Cc. to 60 De- 
grees; the Chord of which, per Corol. Prop. 1. 
4. 4. Euclid, is equal to the Radius, Theſe 
Lines are denoted by the Letters (C]. 
NI 418 e : —_— 

The 
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The two Lines of Tangents are Lines of natu- 


ral Tangents (divided as directed in the laſt 
Chapter) whoſe Radius is equal in Length to 
the Radius of the Lines of Sines. Theſe are 


drawn from the Center of the Joint on each Leg, 


making the ſame Angle with each other, as the 
Sines, &c, do. Each of theſe Lines of Tangents 
run but to 45 Degrees, and are numbe1*d accord- 
ingly. The Reaſon of this is, becauſe the Tan- 
gent of 45 Degrees is equal to the Radius; that 
ſo when the Sector is ſet to go Degrees on the 
Lines of Sines, the ſame Extent, that is, from 
go Degrees on one Line of Sines, to go Degrees 
on the other, will reach from 45 Degrees to 43 
Degrees on the Lines of Tangents ; as alſo, from 
60 Degrees to 60 Degrees on the Lines of Chords; 
The Lines of Tangents are marked with the 
Letters TT. = 

There are alſo two Lines of Teffer Tangente, 
whoſe Radius is about two Inches in Length, 
draun from the Center of the Joint, and making 
an Angle with each other, equal to the Angle 


that any one of the aforeſaĩd Lines make reſpec- 


tively with each other; tho* on ſome Sectors this 
Angle is leſſer. Theſe Lines of Tangents are 
number' d from 45 Degrees, which Aland at the 
Ends of the Radius from the Center of the Joint; 
to about 75 Degrees. "They have the Letters tt 
ſet to them, and ſerve to ſupply the Defect in the 
other Lines of Tangents. 
The Lines of Secants are divided from a Cir 
ole of the ſame Radius as the Lines of leffer 
Tangents are, and make the fame Angle with 
each other as the leſſer Tangents do, Theſe be- 
211 4 
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gin at the Length of the Radius from the Cen- 
ter, and run to about 75 Degrees, The Num- 
bers 10, 20, 30, Sc. to 75, areſct to them, and 
they are known by the Letters SS, * 

Laſtly, The Lines of Polygons are drawn 
from the Center of the Joint, very near the in- 
ward Edges, and number*d from 4, 5, &c. to 12, 
which is about 3 Inches from the Center, Theſe 
Lines are denoted with the Letters PP. 

Thus have I deſcribed all the Lines that be 
commonly drawn on a Sector, to be uſed Sector- 
wiſe. 

The other Lines that be arbitrarily placed, 
near and parallel to the outward Edges of the 
Sector, on both Faces thereof, and which are 
to be uſed; as on common Scales; are the Lines 
of artificial Numbers, Sines and Tangents ; a 
Foot divided into 12 Inches, and each Inch ſub- 
divided into 20 equal Parts, Alſo ſometimes 
the Lines of Latitude, Hours, and Inclination of 


_ Meridians are put on it. | 


Note; The artificial Numbers are denot 
with the Letter N, the Sines with the Letter S, 
and the Tangents with the Letter T. When 
Proportions are to be work*d by theſe artificial 
Lines, the Sector muſt be quite open'd. : 


| Ge 

TAILS P. III/ 
| Dr | 
Of the Founadat 10% Dil Gineral Uſe of the 


Sector. 


Ecauſe, from Prop. 4. lib. 6. Euclid, the ho- 
mologous Sides of ſi milar or equiangular 
Triangles, are proportional to each other; there- 
fore if the Lines AB, AC, repreſent, 

Fig. 5. for Example, the two Lines of Lines, 
making any Angle BAC with each 

other: Now if the Line BC be drawn, and Aa; 
Ab, taken equal, and the Line ab drawn, AB, or 
AC, will be to BC, as Aa is to ab. Whence 
if the Line AB or AC be double, triple, qua- 
druple, Sc. the Line Aa or Ab, the Line BC 
will be double, triple, quadruple, Ec. of the 
Line ab. As ſuppoſe AB, or AC, be 100, and 
Aa, or Ab 50, and BC 60, then ab will be 303 
for as AB 100 is to Aa 50, ſo is BC 60 to ab 
20. And the like Reaſon holds for all other 
Proportions. | . te 

Whence if the Lines AB, AC, repreſent the 
Lines of Chords, Sines or Tangents; that is, if 
the Lines AB, or AC, be the Radius, and the 
Line Aa 1s the Chord, Sine or Tangent of a 
propoſed Number of Degrees, to the ſaid Ra- 
dius AB, the Line ab will be the Chord, Sine 
or Tangent of the ſame Number of Degrees to 
the Radius BC. 

For example, To find the Chord, Sine or Tan- 
gent'of 15 Degrees, to a Radius of 4 Inches. 
Open the Sector ſo, that the Diſtance from 60 
to 


- 
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to 60 on the Lines of Chords be 4 Inches; then 


the Diſtance between 15 and 19 on the Lines 
of Chords, will be the Chord of 15 Degrees 
to the Radius of 4 Inches. The Sector ſtill re- 
maining thus opened, the Extent from 15 De- 
grees to 15 Degrees on the Lines of Sines, will 
be the Sine of 1 5 Degrees to the aforeſaid Ra- 
dius of 4 Inches. Alſo the Extent from 15 Do- 
grees to 15 Degrees on the Lines of Tangents, 
will give the Tangent of 15 Degrees to the afore- 
ſaid Radius. 
But if the Chord propoſed be more than 60 
Degrees; as ſuppoſe the Chord of 80 Degrees to 
the aforeſaid Radius be required, you muſt _ 
as before directed, the Chord of half | 
80 Degrees, wiz. 40 Degrees, and Fig. 6 
having deſcribed an Arc, AD, with the | 
ſaid Radius, lay off the Chord of 40 twice; to 
wit, from A to B, and from B to C; draw the 
Line AC, which will be the Chord of 80 De- 
rees. 
y If the Tangent of a Number of Degrees greater 


than 45, ſuppoſe 74 Degrees, be fought, to a 


Radius of 3 Inches and an half, you muſt make 
uſe of the Les of leſſer Tangents; becauſe the 
greater ones run but to 45 Degtees thus; Open 
the Sector ſo, that the Diſtance between 45 De- 
grees, and 45 Degrees of the lefler Tangents, be 
equal to 3 Inches and an half; then the Diſtance 
from 74 Degrees, to 74 Degrees, will be the 
Tangent of 74 Degrees to a Radius of 3 Inches 

and an half. 
If the Secant of a propoſed Number of De- 
grees to a given * be ſought; as ſuppoſe 
2 the 


(16) 
the Secant of 30 Degrees to a Radius of 1 Inch 
be required, open the Sector ſo, that the Di- 
ſtance between o and o, on the Lines of Secants, 
be 1 Inch, then the Diſtance from go Degrees to 
50 Degrees on the ſame Lines, will be the Secant 
of 50 Degrees. | 

If the Converſe of any of theſe Operations be 
required; that is, if a given right Line be the 
Chord, Sine, Tangent or Secant of a propoſed 
Number of Degrees, ſuppoſe 16, and the Radius 
to it be ſought, open the Sector ſo, that the Di- 
ſtance between 16 and 16, on the Lines of Chords, 
Sines, Tangents or Secants, be equal to the 
Length of the given Line, according as it be a 
Chord, Sine, Tangent, or Secant. Then the 
Diſtance between 60 Degrees and 60 Degrees 
on the Lines of Chords, between go Degrees 
and go Degrees on the Lines of Sines, be- 


tween 45 Degrees and 45 Degrees on the Lines. 


of Tangents, and between o Degrees and o 
Degrees on the Lines of Secants, will be the 
Radius to the ſaid right Line of 16 Degrees, 


according as it is a Chord, Sine, Tangent, or Se- 


cant, | 
From what hath been already ſaid, it ap- 


ears that the Sector is as it were an univerſal 
Plain-ſcale ; for whereas on the Plain-Scale, 
the Chords, Sines, Tangents, and Secants, have, 
but one Radius, ſo by this Contrivance, the 
Chords, Sines, 'Tangents, or Secants, to all Ra- 
dius's may be had: But with this Limitation, 
that the Radius given be not longer than the 
Length of twice the Radius of the reſpective 
Chords, Sines, Tangents, or Secants, on the 
Legs 
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Legs of the Sector; or ſhorter than the Diſtance 
from 60 to 60 of Chords, go and 90 of Sines, 
or 45 and 45 of Tangents, when the Sector is 
quite ſhut. Fa boy 

Moreover, becauſe the Lines of Lines, 
Chords, Sines, Tangents, and Secants, make 
equal Angles with each other reſpectively, 


therefore Proportions in equal Parts and Sines, 


equal Parts and Tangents, Sines and Tan- 
gents, Cc. by Help of a Pair of Compaſſes, and 
the Sector, may be worked. And ſo the Caſes 
of Plain and Spherical Trigonometry may, by 
means of the Sector, be ſolved. An Inſtance 
or two of which I ſhall give, after having gi- 
ven ſome of the particular Uſes of the Lines 
of Lines, and the Uſe of the Lines of Po- 


lygons, 


CHAP. 
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Of the particular 632 "of "the Lines of Lines; 
ad the Uſe of the Lines of Polygons. 


| Fig. 6. Fa the Eaſe of Expreſſion, in "Wn 
the Uſe of the Lines on the 


Sector, the . found out by the Sector are 
ſaid to be lateral or parallel; lateral are thoſe 
found on the Sides of the Sector, as AB, AC; 
and parallel are the Lines that run from one 
of the Sector to the other, equally diſtant 
from the Center of the Joint; as BC, a b. ä 


8 P R O B. I. 


To lay down a Line expreſſible by any given Parts, 
or Frad ions of Parts. 


0 
Ln 1 
- 


Either of the Lines of Lines are actually di- 
vided into 100 equal Parts, but we have put 
only 10 Numbers to them, which may ſignify 
either themſelves alone, or 10 times themſelves, 
or 100 times themſelves, or 1000 times them- 
ſelves, as Occaſion requires, As ſuppoſe the 
Numbers given be no more than 10, then we. 
may ſuppoſe the Lines only divided into 10 
Parts, according to the Numbers ſet to them. 
If they be more than 10, but leſſer than 100, 
then either Line will contain 100 Parts, and 
the Numbers ſet by them will be in Value, 10, 
20, 30, Wc. as they are actually divided. If 
yet they be more than 100, then every Part 


mult 
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muſt be ſuppoſed divided into ro, and either 
Line will be 1000 Parts, and the Numbers ſer 
to them will be in Value 100, 200, goo, and 
ſo forwards, ſtill increaſing themſelves by 10.. 
This being pre-ſuppoſed, we may number the 
Parts, and Fractions of Parts, given'on either of 
the Lines of Lines; which Diſtance taken from 
them with a Pair of Compaſſes, and drawn on 
your Paper, will give the Length of the Line 
ſought. | 

Example, Suppoſe a Line is to be 
drawn repreſenting 75 3. take 75 ofthe Fig. 7. 
100 Parts either of the Lines of Lines 
is divided into, and note it on A; or take 7 and 
an half of the firſt 10 Parts, and note it on B; 
or only take 3 fourths of thoſe 100 Parts, and 
note it on C; either of which will be Lines ex- 
preſſible by 75. 


PEO E 


To Increaſe, or Diminiſh, a Line in a given 
| Proportion, 


Take the Line given between your Com- 
paſſes, and open the Sector, ſo as the Feet of 
the Compaſſes may ſtand in the Points of the 
Number given on each of the Lines of Lines; 
then keeping the Sector thus opened, the paral- 
lel Diſtance of the Points of the Number required 
will give the Line ſought. 

Example. Let A be a Line given | 
to be increaſed in the Proportion of z Fig. 8. 
to 8. Firſt take the Line A between 7 


your 


(2d 
your Compaſſes, and open the Sector ſo, that 
the Diſtance from 3 to 3 on the Lines of Lines 
be equal to that Extent; then the parallel 
Diſtance of 5 and 3, will give the Line B, 
ſought. 1 . 

In the ſame manner, if B be a Line given to 
be diminiſhed in the Proportion of 5 to 3, take 
the Line B between your Compaſſes, and to 
it open the Sector in the Points of 5 and 5 on 
the Lines of Lines ; then the parallel! Diſtance 
between 3 and 3, will give the Lane A, re- 
quired, | | 

If this way of working be not ſufficient, you 
may multiply the Numbers given by 2, 3, 4, &c: 
and work by their Equimultiples ; as, for 3 and 
5; you may open the Sector in 6 and 10, 9 and 

15, 12 and 20, 15 and 25; or in 18 or 30, Sc. 


PROB. IIL 


To divide a given Line into any Number of 
| | equal Parts. | 


Take the Line given between your Com- 
— and open the Sector in the Points of the 
arts the given Line is to be divided into; then 
keeping the Sector at this Angle, the parallel 
Diſtance between the Points of r and 1, will 
divide the given Line into the Parts required, 
Example. Let AB be a Line given 
Fig. 9. to be divided into 8 equal Parts, Firſt 
take this Line AB between your Com- 
es, and to it open the Sector in the Points 
of 8 and 8; then the parallel Diſtance between 


1 and 


0 21) 
1 and 1; gives the Line AC, which will divide 
AB into 8 ; equal Parts. 

If the Line propoſed be too long to be applied 
to the Legs of the Sector, divide 1 half or 1 
fourth of it into the Parts propoſed; and the 
Double or Quadruple of one of thoſe Parts, will 
divide the whole Line into the Number of Parts 
propoſed, 


PR O B. IV. 


To find the Proportion between two or more given 
| Lines. 


Take the greater of the given Lines between 
your Compaſles, and to it open the Sector in the 
Points of 100 and 100; then take the leſſer 
Lines ſeverally, and carry them parallel to the 
greater, till they ſtay on the ſame Numbers of 
the Lines of Lines; and the Numbers whereon 
they ſtay, will give their Proportion to 100. 
Example. Let the Lines given be 
AB, CD. Firſt take the Line CD Fig. 10. 
between your Compaſſes, and to it 
open the Sector in the Points of 100 and 100 
then keeping the Sector thus opened, enter the 


leſſer Line AB parallel to the former, and you 


will find it croſs the Lines of Lines in the Points 
60 and 60; wherefore the Proportion of AB to 


CD, is as 60 to 100. 
Or. if the Line CD be ſo long that it can- 
not be applied to the Points 100 and 100, then 


you may ſuppoſe the leſſer Line AB, to be 100, 


ad FO off CE equal to AB, you will find 
D the 


(22) 


the Proportion of CE to ED, to be as 100 to 


almoſt 67; wherefore this way the Proportion of 
AB to CD, is as 100 to almoſt 167. | 

This Proportion may likewiſe be worked by 
any other Numbers that admit ſeveral Diviſions, 
as by the Numbers 60 and 60; and then the 
leſſer Number will be found 36, which is, as be- 
fore in leſſers Numbers, as 3 to 5. This Pro- 
portion may alſo be worked withont . 
the Sector. For if the Lines between whic 
a Proportion be ſought, are laterally applied on 
the Lines of Lines, (or any other Scale of equal 
Parts) the Proportion between them will be the 
ſame, as between the Lines to which they are 
equal. | 


PROB. V. 
To find a Third Proportional to two given 


Lines. 


Firſt place both the given Lines on both Sides 


of the Sector from the Center, and mark the 


Terms of their Extenfion ; than take out the 


ſecond given Line again, and to it open the 
Sector in the Term of the firſt Line; then keep- 
ing the Sector at this Angle, the parallel Di- 
ſtance between the Terms of the ſecond Line, 
will be the third Proportional ſought. 
Example. Let the two Lines given 
Fig. 11. be AB, AC, which take out, and 
place on both Sides of the Sector, ſo 
as they meet in the Center A: let the Terms 
of the firſt Line be B, B, and the Terms of the 
ſecond 
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ſecond C, C. Then take out AC, the ſecond 
Line again, and to it open the Sector in the 
Terms B, B; ſo the Parallel between C, C, 
gives the third Proportional ſought. For as AB 
uin bung to CC. | 


opt VL 


_ Lines Joing given, to find. a fourth Line 
Properties to them. | 


Place the firft and third Lines on both Sides of 
the Sector from the Center; then take out the 
ſecond Line, and to it open the Sector in the 
Terms of the firſt Line, Now keeping the Sec- 
tor at this Angle, the parallel Diſtance between 
the Terms - — third Line, will be the fourth 
Proportional ſought. 

Example. Firſt take out A and C, 

and place them en both Sides of the Fig. 12. 
Sector, in AB, AC, and AD, AE, lay- 

ing the Beginning of both Lines in the Center 
A; then take out B, the ſecond Line, and to it 
open the Sector in B, C, the Terms of the firſt 
Line; and then the Parallel between D and E, 
gives the fourth Proportional ſought. 

As in Arithmetick, it is ſufficient for the firſt 
and third given Numbers ta be of one Deno- 
mination, and the ſecond and the fourth re- 

uired to be of another, for one and the ſame 

nomination is not neceſſarily required in 
them all; fo in Geometry, it is ſufficient if the 
Sides AB, AD, reſembling the firſt and third 
Lines, be meaſured by one Scale, and the Pa- 
D 2 rallels 
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rallels BC, DE, be meaſured in another. 'Where- 
fore the Proportion of A, the firſt Line to C the 
third, being found by prop. 4. aforegoing, which 
ſuppoſe to be as 8 to 12, or in leſſer Numbers, as 
4 to 6, of as 2 to 3, or in greater Numbers, as 
16 to 24, or 18 to 27, or 20 to 30, 30 to 43, or 40 
to 60, Sc. If the Sector he peged in the Points 
of 8 and 8, to the Quantity of B, the ſecond 
given Line; then the Parallel between 12 and 12, 
will give DE, the fourth Line required. So 
likewiſe if it be opened in 4 and 4, the Parallel 
between 6 and 6; or if in 16 and 16, the Pa- 
rallel between 24 and 24, Will give the 1 1 ; 
an mnt” een n 70 1 
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Tal ake * * Lise as: * on the Ln 
of Lines from the Center, noting its Extenſion; 
then take the ſhorteſt Line between your Com- 
paſſes, and applying it parallelwiſe on the Lines 
of Lines, open the Sector ſo, that the lateral 
Diſtance from the Center of the Sector to the 
Term of this Line, be equal to the parallel Ex- 
tent of the Terms of the longeſt Line; and then 
the ſaid lateral Diſtance of the Terms of the 
ſhorteit Line, or the parallel Diſtance of the 
Terms of the longeſt Line, _ 4 2 ther Mean 
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Note, This cannot be done 'umleſs by ſeveral 
Tao, opening the Sector, and 1 the 


7 of the Compaſſes. mT 
Example. Let A and n 10 2101} 
given Smes. Lay B from the Center Fi ig.1 J0 
A of the Sector, which ſu ppoſe to reach (130d 


to B and Bi then rake. A in your 

and open the Sector ſo, that DD Ra = td 
A, AD may be equal to BB. And then AD 
or BB will be a Mean Proportional between the 
Lines A and B; for as AB is to BB, fo is AD, 
4 to BB, to DD. 
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EY Take the given iss a divided, 
and laying it on both Sides of the Sector from 
the Center; note how far it extendeth. Then 
take out the ſecond Line, which is to be divided, 
and to it open the Sector in the Terms of the 
Hrſt Line. This done, take out! the Parts of 
the firſt Line, and place them alſo on the ſame: 
Side of (the Sector from the Center. And the 
Barallels taken in the Terms of theſe: Parts, will 
be the correſpandent Parts in the Line to be 
divided. 

Example. Let AB be a Line di- l 
vided in D and E, and BC the Line Fig. 14. 
to be divided in ſuch manner as AB is. 

Firſt, Take out the Line AB, and place it 
on the Lines of Lines in AB, AC, both wy 

e 
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the Center A; then take out the ſecond Line 
BC, and to it open the Sector in B and C, the 
Terms of the firſt Line. The Sector remaining 
thus opened, take out AD and AE, the Parts 


both Sides of the Sector in AD, AE; and the 
Pazalleb DD gives BE, and the Parallel EE, BG, 
Now che Line RC. is divided in Fand G, as the 
Line Ah is in D, E; which is the thing required, 
QF. | a fd p R O B. IX ³ r 
To open the Sector ſo, that the two Lines of equat 
Paris m make a right Angle. 4 
Chuſe three Numbers that may exprefs the 


Sides of a right\angled. Triangle; as are, for 
Example, the Numbers 3, 4, 5, or their Multi- 


pies; bur Becaute it is better to 'take them big- 


ger, chuſe 60, 80, and 100. Now take in your 


Compaſſes the Diſtance from the Center of the 
Sector on either of the Lines o Lines to 20, 
which let repreſtnt oo; then open the Sector 
ſd; that the Diſtance between 6 on one Line of 
Lines, and 8 on the other (the one repreſenti 

60% and the other 80) be equal to that Diſtance : 
And then the Sector will be opened ſo, that the 
two Lines of Lines make a riglit Angle. 
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To find a right. 2 a AR;  Circumference of 

__ a@given Circle, 5 

The Diameter of a Circle to its Circumfe- 

rence, is as about 3.18 to 103; whence take the 

Diameter of the propoſed Circle between your 

and ſet it over as a Parallel on 3. 18 

and 3.18 of the Lines of Lines. The Sector re- 

maining thus opened, take the parallel Extent of 

10 and 10, and that will give you near me 
Length of the Circumſtrence fought, 


PR O B. XI. : 
To inſcribe a regular Polygon in a given Circli. 


Take the Radius of the given Circle between 
your Com and fet it over as a Parallel on 
6 and 6 of the Lines of Polygons; then the pa- 
rallel Diſtance of the Numbers repreſenting the 
Number of Sides a Polygon. is o ln; will be 
the Side of the requir*d Polygon. 

Example. Suppoſe AGH be a Cir- 
cle, in which it is required to inſcribe . Fig. 15. 
a Pentagon, Take the Radius AB in 
your Compaſſes, and ſet it over as a Parallel on 
6 and 6 of the Lines of Polygons; then the 
parallel Diſtance of 5 and 5, on the ſaid Lines of 
Polygons, will give AC, the Side of a Pentagon 
to be inſcribed in the Circle. Whence it will 
be eaſy to make the Polygon in carrying the Di- 

. | e 
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ſtance-AC round the Circle, and drawing 5 right 
Lines, K 144 | 
ron P R O B. XII. 

Upon a right Line given lo make a regular Polygon. 


Take the given right Line between your-Com- 
paſſes, and to it open the Sector on the Points of 
the Number of Sides the Polygon is to have; 
then the Parallel Diſtance between 6 and 6 will 
give the Length of the Radius of a Circle, whoſe 
Center is the Vertex of an Iſcocles Triangle 
made with the aforeſaid Radius's upon the given 
Line. Now I ſay, if about the ſaid Center a 
Circle be deſcribed with the aforenamed Radius, 
and the aforeſaid given Line be carried round its 
Circumference, and right Lines drawn, that the 
propoſed Polygon will be made. W 

Example. To make a Heptagon 
Hg. 16. upon the given Line AB. Take the 
ſaid Line between your Compaſſes, 
and ſet it over as a Parallel on the Points of 7, 
and 7 of the Lines of Polygons; then the pa- 
rallel Diſtance | between 6 and 6 will give the 
Radius of a Circle, Now with this Radius ſet- 
ing one Foot in the Points A, B, the Extremes 
of the given Line, deſcribe two Arcs cutting 
each other in C, about which deſcribe the Cir- 
cle ABD; then carry AB round the Circumfe- 
rence, and draw 6 right Lines, and the Hepta- 
gon. will be made. | 


"CHAP. 


Of working FT in Lines and Si ines, Lines 
and Tangents, Sines and Tangents, 8c. erem- 
 Plified, in the Reſolution of ſome of the Caſes 
of plain and r Trigonometry. 


PR O B. I 


The Hypothenuſe, and Baſe of a right lined right 
angled Triangle being given, to find the Angle 


oppoſite to the Baſe. 


DN cog the Length of the Hypothe- 

nuſe AB be 70 Miles, and the Fig, 17. 
Length of the Bale AC 40 Miles, 

what is the Quantity of the Angle ABC. 

As the Length of the Hypothenuſe AB is to 
Radi, ſo is the Baſe AC to the Sine of the 
Angle ABC, | 
Therefore to work this Proportion on the 
Sector, take the. Extent from the Center on ei- 
ther of the Lines of Lines to the Number 7, 
which let repreſent the Length of the Hypothe- 
nuſe, 70 Miles; then open the Sector, and ſet 
this Extent over as a Parallel on tlie Points of 
90 and go on the Line of Sines. The. Sectot 
remaining thus opened, take the Length of the 
Baſe 40 Miles from the Line of Lines, and ap- 
plying i it parallelwiſe on the Sines, its Extremes 
will give 34 Degrees 50 Minutes for the Quan- 
| tity of the Angle ABC ſought. 


= PROB. 
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PRO B. II. 


The Baſe AC of the oblique angled Tri- 

Fig. 18, angle ABC being given, ſuppoſe 60 
| Leagues, the Angle ABC, 150 De- 

* prees, and the Angle Az, 46 Degrees; 1o 
find the Length of the Side AB. 


As the Sine of the Angle ABC is to the 
Length of the Baſe AC, ſo is the Sine of the An- 
gle ACB to the Length of the Side AB ſought. 
To work this by the Sector, take the lateral 
Extent of 46 Degrees on either of the Lines of 
Sines ; then open the Seftor, and apply this Ex- 
tent parallelwiſe in the Points of 30 and 30 (the 
Complement of the Angle ABC) on the Lines 
of Sines. The Sector remaining thus open'd, 
take the parallel Extent from 6 to 6, repreſent- 
ing 60 and 60, on the Lines of Lines, and mea- 
ſure it laterally on either of them, and you will 
find it to be about 86, which is the Length in 
Leagues of the ſought Side AB, | 


P R O B. II. 


Fig. 19, - angled Triangle ABC being given, the MR 
3 22 20 Yards, and the latter: 
6o ; to find the Quantity of the Angle CAB. » 


4 As the Baſe AB is to the Perpendicular BC, 
ſo is the Radius to the Tangent of the Angle BAC 
ſought. | 

To 
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To do this by the Sector, take 20 from your 
Line of Lines repreſented by 2; then ſet this 
over as a Parallel on 6 and 6, repreſenting 60, 
on the ſaid Lines of Lines. The Sector remain 
ing thus open*d, take the parallel Radius, that 
is, the Extent from 45 Degrees to 45 | 
on the Lines of Tangents, and this laterally 
meaſured on either of the Lines of Tangents, 
will give about 18 — 26 Minutes, for the 
Quantity of the ſought Angle CAB. | 

Note, If the parallel Radius be longer then 
either of the Lines of Tangents, which it will 
often be, then you muſt make uſe of the Lines 

of leſſer Ta . But theſe leſſer Tangents muſt 
make the ſame Angle with each other as the 
Lines of Lines do, as' I mentioned before in the 
Deſcription' of the Sector; for otherwiſe the 
Proportion cannot be worked, becauſe fmilar 


Triangles are required, | 
P R 9 B. IV. 


The: Hypothenuſe AC, and the Angle 
Az, of the right angled' ſpherical Fig. 20, 


Triangle ABC, ls. given, the' aue | 
50 Degrees, and the other 2 3 Degrees 30 2 


nutes; to find the Side AB. . 
As Radius is to the Sine of the Hyx ypothenuſe 


ſo is the Sine of the Angle Ach to the 1 
the ſought Side AB. 

To do this by the Sector, take the lateral 
Extent of 30 Degrees on the Sines between your 
Compaſſes; then open * Sector, and ſet over 


this 
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this Extent on 90 and go of the Lines of Sines. 


The Sector remaining thus opened, take the pa- 


rallel Extent of 23 Degrees 30 Minutes, on the 
Sines, which laterally meaſured on either of them, 


will give the Sine of about 173 ne the ſought 


9 AB. 


p R O B. v. 


The Angles BCA, BAC, and the Side 

Fig. 21. BC of an oblique ſpherical Triangle be- 

ing given, the firſt 20 Degrees, the ſe- 

cond 2 45 _ and the laſt 25 Pn ; to find 
* Si 


As the Sine of * Angle BAC is to the Sine 


of the Side BC, ſo is the Sine of the Angle BCA 


to the Sine of the Side AB ſought. 

To do this by the Sector, open it, and ſet the 
Sine of 25 Degrees over as a Parallel on the Sines 
of 20 and 30; then the Sector remaining thus 
opened, take the parallel Sine of 20 Degrees, 


and meaſure it laterally on the Sines, and you 


will find it almoſt 17 50 Minutes, which 
will be the Quantity of the _ Side AB. 


- 


det Ob Soo 


The Side A, and the Angle BAC o 
Fig. 22. the right angled | ſpherical Triangle 
ABC being given, the one 27 Degrees 
54 Minutes, and the other 23 Coy 30 Minules; 
zo find the Side ** 


As 
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As Radius is to the Sine of the given Side AC, 
ſo is the Tangent of the given Angle BAC, to 
the Tangent of the required Side BC, | 

To do this by the Sector, open it, and ſet 
over the Sine of 27 Degrees 54 Minutes, as a 
Parallel on 9o and 90 of the Lines of Sines. 
The Sector remaining thus opened, take the pa 
rallel Tangent of 23 Degrees 30 Minutes, and 
meaſuring it laterally on either of the Lines of 
Tangents, you will find it about 11 Degrees 30 
Mon, which is the Quantity of the ſought. 
Side BC. | 

Theſe few Examples being well underſtood, 


any one may of himſelf find out the manner of 


working any other of the Caſes of plain or ſphe- 
rical Trigonometry, by the Sector. Therefore 
I now proceed to ſhew the excellent Uſe of this 
Inſtrument, in drawing the Hour Lines upon an 
Horizontal, and erect South Dial. | 


PRO B, VIL 


7 drow the Hour Lines upon an Horizontal and 


Vertical Plan, 


| Firſt, draw a right Line AC for the | 
Horizon and Equator, and croſs it at Fig. 23. 
the Point A, about the Middle of the 1 
Line, with AB another right Line, which may 
ſerve for the Meridian and Hour Line of 12; 
then take out 15 Degrees from your Tangents, 

and lay them off in the Equator on both Sides 
from 12 ; one of which Points will ſerve for the 
Hour of 11, and the other for the Hour of 1. 
8110 ; Again, 


(34) 
Again, take out the Tangent of 30 Degrees, 
and prick it down in the Equator on both ſides 


from 12; one of which Points will ſerve for the 


Hour of 10, and the other for the Hour of 2. 
In like manner prick down the Tangent of 45 
for the Hours of q and 3, and the Tan- 

gent of 60 Degrees for the Hours of 8 and 4, 
and the Tangent of 75 Degrees for the Hours of 

and 5. 

f In like manner may the Parts of an Hour be 
pricked down, in allowing 7 Degrees 30 Mi- 
nutes for every half Hour, and 2 Degrees 45 
Minutes for every Quarter, This done, you are 
to conſider the Latitude of the Place, and the 
ity of the Plan; for the Secant of the Lati - 
tude will be the Semidiameter in a Vertical Plan, 
and the Seeant of the Complement of the Lati- 
tude in an Horizontal Plan. | 48 
For Example 5 About London the Latitude is 
51 Degrees 32 Minutes, and let the Plan be Ver- 
tical, If you take AV, the Secant of 31 De- 
grees 32 Minutes from the Sector, having firſt 
opened the Sector ſo, that the Radius of the 
Lines of Secants be equal to the Radius of the 
Tangents pricked off, and prick it down in the 


Meridian Line from A to V; the Point V will 


be the Center of the Dial: And if you draw right 
Lines from Vto 11, and 10, and the reſt: of the 
Hour Points, theſe will be the Hour Lines re- 

But if the Plan be an Horizontal one, you 
muſt take out AH, the Secant of 38 Degrees 28 
Minutes, and prick it down in the Meridian 
Line from A to H; fo right Lines drawn _ 

e the 


: 


(35) 
the Center H to the Hour Points, will be the 
Hour Lines required. Only the Hour of 6 is 
wanting, which muſt always be drawn parallel 
to the Equator, thro” the Center V, in a Verti- 
cal Plan; and thro* the Center H, in an Ho- 
rizontal Plan. 0 | 

But if it happen that ſome of the Hour Points 
fall out of your Plan, you may remedy yourſelf, 
both in the Vertical and Horizontal Plans. 

For if at the Hour Points of 3 and g you 

draw occult Lines parallel to the Meridian, the 
Diſtances DC, between the Hour Line of 6, 
and the Hour Points of 3 and 9, will be equal 
to the Semidiameter AV, in a Vertical, and 
AH, in an Horizontal Plan; and if they be di- 
vided in the ſame manner that the Line AC is 
divided, you will have the Points of 4, 5, 7, and 
8, with their Halves and Quarters. 
As in the Horizontal Plan, take out the Se- 
midiameter AH, and make it a parallel Radius, 
by ſetting it over in the Sines of go and 90: 
Then take the parallel Tangent of 15 Degrees, 
and it will give you the Diſtance from 6 to 5, 
and from 6 to 7, in your Horizontal Plan. The 
Sector remaining thus opened, take out the pa- 
rallel Tangent of 30 Degrees, and it will give 
you the Diſtance from 6 to 4, and from 6 to 8, 
in your Horizontal Plan. The like may be done 
for Halves and Quarters of Hours, 


CHAP. 
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„ 
Of the Uſe of the Ef Numbers, artificial 
Sines, and 2. angents, 


SE C.I-1,Q NI 
Of the Uſe of the Line of Numbers. 


HE Order of the Diviſions on the Line 
of Numbers is thus; it begins with 1, and 
ſo proceeds with 2, 3, 4, 3, 6, 7, 8, 93 and then 
1, 2, 3, Sc. to 10 at the End. Each of theſe 
Diviſions are ſubdivided into 10 Parts, and eve- 
ry of theſe roth Parts from 1 in the Middle to 2, 
are again ſubdivided into 5 Parts, But the roth 
from the ſecond 2 to 5, are only ſubdivided into 
two Parts, | 
Vote, Each roth ſhould have been ſubdivided 
into 10 other Parts, called Centeſmes, but that 
the Length of the Line will not admit of it. 


Numeration on the Line of Numbers. 


P R O B. I. 


Ay whole Number under four Figures being given, 
to find the Point on the Line of Numbers repre- 
ſenting the ſame, 


Firſt, ſeek for the firſt Figure of your Num- 
ber amongſt the long Diviſions that are figured, 
and that leads you to the firſt Figure of the 

Number. 
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Number. Then for a ſecond Figure, count ſo 
many Tenths from the aforeſaid Diviſion for- 
wards, as the ſecond Figure amounts to : then 
for the third Figure, count from the laſt Tenth, 
as many Centeſmes as the third Figure contains; 
and for the fourth Figure, count from the Jaſt 
Centeſme, ſo many Millions as the fourth Figure 
hath Units; and that will be the Point h 528 
the Number is on the Line of Numbers, | 

Example, - To find the Point on the Line of 
Numbers repreſenting the Number 12. Now 
becauſe the firſt Figure of this Number is 1, you 
muſt take the 1 in the Middle for the firſt Fi- 
gure; then the next Figure being 2, count the 
Tenths from that 1, and here will be the Point 
repreſenting 12, | _ 

Again; To find the Point repreſenting 144. 
Firſt, as before, take for 1, the firſt Figure of 
the Number 144, the middle Figure 1, then for 
the ſecond, viz. 4. count 4 Tenths forwards; 
laſtly, for the other 4, count 4 Centeſmes fur- 
ther, and that is the Point for 144. 

Laſtly; To find the Point repreſenting 1728. 
Firſt, as before, for 1000 take the middle 1; 
ſecondly, for 700 reckon 7 Tenths forwards; 
thirdly, for 20 reckon 2 Centeſmes from that 
ſeventh Tenth; and laſtly, for the 8 you muſt 
reaſonably eſtimate the following Centeſtne to 
be ſubdivided into 10 Parts, and $ of them wilt 
be the Point on the Line of Numbers fepre- 
— * 728. Underſtand the ſame for any 
other Number. The aforeſaid Point may alſo 
repreſent . 1728, or 1.729, or 17.28, or laſtly,” 


172.8. 
. 2 PROB. 


One ee being roms to be multighied by axerker, 
| the Product. 


Extend your Compaſſes from Unity to the 
Multiplicator; then the ſame Extent applied 
the ſame way, from the Multiplicand, will cauſe 
the moveable Point to fall upon the Product. 

Example. Let 6 be given to be multiplied by 
5: Extend your Compaſſes from 1 to 5, and 
the ſame Extent will reach from 6 to 30, the 
Product fought. Again, ſuppoſe 123 is to be 
multiplied — 144: Extend your Compaſſes from 
1 to 125, and the moveable Point will fall from 
144 upon the Product 180 0. 


p R O B. III. 


One Number being given to be divides by another, 


— Anand your Compaſſes from the Diviſor to 1, 
and the ſame Extent will reach from the Divi- 
dend to the Quotient. Or, extend the Com- 

es from the Diviſor to the Dividend, the ſame 
ent will reach the ſame way from 1 to the 

"os 5 

Let 750 be a Number given to be 
divided carl by 25. . Extend your Compaſſes down- 
wards from 25 to 1; then applying that Extent. 
the. ſame way from 7 50, and the other Point will | 
fall 3 30, the 8 ſought. 

; PROB. 


a * = -- * 


_ 
PR O B. IV. 
Three Numbers being given, to find a fourth Num- 
ber proportional to them, 


Extend your Compaſſes from the firſt of the 
given Numbers to the ſecond of the ſame De- 
nomination ; and this Extent applied the ſame 
way will reach from the ſecond to the fourth Pro- 
portional ſought, | 

Example, If 8 give 16, what will 12 give? 
Extend your Compaſſes from 8 to 16; and this 
Extent applied the ſame way will reach from 12 
to 24, the fourth Proportional ſought, 

Again, If 38 give 76, what will 96 give? 
Extend your Compaſſes from 38 to 96, and the 
ſame Extent will reach from 76 to 192, the 
fourth Proportional ſought. 


PROB. V. 


To find a mean Proportional between two given 
SY ers. | 


— 


Biſect the Diſtance between the given Num- 
bers, and that Point of Biſection will fall on the 
mean Proportional ſought. | 

Example. The Extremes between 8 and 32, 
the middle Point between them will be 16, the 
mean Proportional ſought, For as 8 is to 16, ſo 


18 16 to 32. 
P R OB. VI. 
To find the Square Root of a given Number. 


The Square Root of * Number is always a 
2 


mean 


— 


(4) 

mean Proportional between x and the ſaid Num- 
ber; ſo that to find the Square Root of a Num- 
ber, is 'only to take half the Diſtance between - 
1 and the Number given, and that Point of Bi- 
ſection will be the Square Root of the Number 
given, But if the Figures of the Number be 
even, you muſt look for the Unit at the Begin- 
ing of the Line, and the Number in the ſecond 
Part, and the Root in the firſt Part. Or rather 
reckon 10 at the End to be Unity, and then both 
Root and Square will fall backwards towards the 
Middle, in the ſecond Part of the Line. But if 
the Number be odd, then the middle Unit will 
be moſt convenient, and both Root and Square 
will be found-from thenceforwards towards 10. 


SECTION IL 


Of the conjoint Uſe of the Lines of Numbers, 
artificial Sines, and Tangents. 


Theſe Lines of artificial Numbers, Sines, and 
Tangents, are ſo contrived, and ſet to each other, 
that by means of a Pair of Compaſſes, any Pro- 
blem, whether in right lined or ſpherical Trigo- 
nometry, may be very. expeditiouſly ſolved by 
them with tolerable Exactneſs. 

The Sines are number'd 1, 2, 3, 4, 5, 6, 7,8, 


9, 10, 20, 30, 40, 30, 60, 70, 80, 9o, ſignifying 


Degrees. Every one of the Degrees, as far as 
6, are ſubdivided into 10 Parts, ſignifying every 
6 Minutes; then the Degrees from 6 to 10, are 
only ſubdivided into 6 Parts for every 10 Mi- 
nutes. Again, each of the 10 Degrees, which 

a * 
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have not Numbers ſet to them, for avoiding Con- 
fuſion, between 10 and 20, are only divided in- 
to 4 Parts, for every 15 Minutes; the Dt 
between 20 and 30, are divided into 3 Parts, 
for every 20 Minutes; the Degrees from 30 to 
50, are halved, for every 30 Minutes; after 
which to yo there are only Degrees; and from 
70 to 80 there are only every two Degrees re- 
preſented, and from 80 to go none. 

The Line of artificial Tangents is number'd 
2, 3, 4» 5» 6, 7, 8, 9, 10, 20, 30, 40, 45. To 
the Tangents, 10, 20, 30, 40, are ſet their Com- 
plements, 80, 70, 60, 50. Alſo theſe ſignify 

rees, like as the Sines. 

Theſe Degrees are each ſubdivided, to the 
Tangent of 30 Degrees, into the ſame Number 
of Parts, as thoſe on the artificial Sines. Each 
of which repreſent the ſame Numbers of Mi- 
nutes as thoſe on the Sines. But from 30 De- 
grees to 45, each Degree is ſubdivided into 3 
Parts, for every 20 Minutes. | 


PROB. I. 


To ſolve the Caſe and Example of Prob. I. of the 
laſt Chapter. | 


Set one Foot of your 8 upon 7 of 
the Line of Numbers, repreſenting 70 Miles, 
and extend the other to 40 Miles, repreſented 
by 4. The Compaſſes remaining thus opened, 
fet one Foot upon go of the Line of Sines, and 
the other Foot will fall downwards upon the 
Line of Sines, on the Sine of 34 Degrees 50 
Minutes, the Quantity of the Angle . N 


Example of Prob. II. of the 
laſt Chapter. | 


Set one Foot of your Compaſſes upon the Sine 
of 30 Degrees, 2nd extend the other to 60 
Leagues on the Line of Numbers : The Com- 
paſſes remaining thus opened, ſet one Foot up- 
on the Sine of 46 Degrees, and the other will 
fall upwards on the Line of Numbers upon 86; 
Leagues, the Length of the ſought Side, 


p R O B. III. 


To ſolve the Caſe and Example of Prob. III. of the 
laſt Chapter. 


Set one Foot of your Compaſſes on 60 of the 

Line of Numbers, and extend the other to 45 
Degrees of the Line of Tangents : The Com- 
paſſes remaining thus opened, ſet one Foot up- 
on the Number 20 on the Line of Numbers, and 
the other will fall on the Line of Tangents, up- 
on the Tangent of about 18 Degrees 26 Minutes, 


the Quantity of the Angle ſought. 
PROB. IV. 


Fo ſolve the Caſe and Example of Prob. IV. of the 
Chapter. 


7 o ſolve the Caſe 


Set one Foot of your Compaſſes upon the 


Sino 


(43) 

Sine of ga Degrees, and extend 8 
Radius or Sine of go Degrees; the Compaſſt 
remaining thus co ſet one Foot 
Sine of 23 Degrees 30 Minutes, and apo the 
will fall downward upon the Sine of 17 De- 

grees, and about 3 fourths, ne 
Nr HIER 


P R O B. v. 
To ſolve the Caſe and Example of Prob. V. of the 
4 Chapter. | 


Set one Foot of your Compaſſcs upon the Sine 
of 30 Degrees, and extend the other downwards 
— * Sine of 25 Degrees: The Compaſſes re- 
maining thus opened, ſet one Foot u 129 the Sine 
of 20 Degrees, and the other will fall upon the 
Sine of about 16 Degrees, 40 Minutes, the 

un of the fought Side. | | 


P RO B. VI. 


1 ſolve the Coſe and Example of Prob. VI. if | 
the laſt Chapter. | 


Set one Foot of your Compaſſes upon the Sine 
of go Degrees, and — the other downwards 
to the Sine of 27 Degrees 54 Minutes: Your 
Compaſſes remaining thus opened, ſet one Foot 

upon the Tangent of 23 Degrees 30 Minutes, 
and the other Foot will El downwards upon the 
Tangent of about 114 Degrees, the Quantity 

of the ſought Side. - 
ote, 


(44) 

Mate, If in working Proportions in Sines and 
Tangents, the Foot of your Compaſſes ſhould 
fall beyond the Tangent of 45 Degrees, as it 
will often happen, then you muſt. take a Point 
as far on this Side of 45 Degrees, as the ſaid 
Point of your Compaſſes falls beyond 45 De- 
grees, and that Point will give you the Tangent 
of the Complement to 9o Degrees, of the Side 
or Angle ſought. ' © © | 

Example, Suppoſe this Proportion was to be 
worked ; as the Sine of 20 Degrees is to Radius, 
ſo is a Tangent of 30 Degrees to another Tan- 

ent: Set one Foot of your Compaſſes on the 
Sine of 20 Degrees, and extend the other to go 
: Your Compaſſes remaining thus open- 
ed, ſet one Foot upon the Tangent of 30 De- 
grees, and the other will fall upwards beyond 
the Tangent of 45 Degrees; then finding how 
far it falls beyond, with one Foot of your Com- 
paſſes on 45 Degrees, ſer off that Extent on this 
Side 45 Degrees, and you will find it to fall u 
on the Tangent of the Complement of the ſought 
Tangent, viz. on 30 Degrees 40 Minutes; 
whence the Tangent ſought is 59 Degrees 20 
Minutes. 

Hence you ſee, that in working Proportions in 
Numbers and Sines, or Sines and Tangents, it 
is but ſetting one Foot of your Compaſſes upon 
the Number, Sine, or Tangent, in the firſt 
Term, and extending the other to the ſecond 
Term of a contrary Denomination ; and then 
that Extent will reach from the third Term to a 


fourth ſought. 
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